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R. Hempel I. Herbst [2] $V(x)=0$ $H(\lambda A, 0)$
$\lambdaarrow\infty$
$M=\{x|B(x)=0\}$ , $M_{A}=\{x|A(x)=0\}$
$|M\ominus M_{A}|=0$ $\lambdaarrow\infty$ $H(\lambda A, 0)$ $M$
Dirichlet Laplacian $-\triangle_{M}$ strong resolvent sense
$A(x)$
norm resolvent $H(\lambda A, \mathrm{o})$ (
) $-\triangle_{M}$
$A(x)$ $M$ $I\mathrm{t}’$
$H(\lambda A, \mathrm{o})$ $\triangle_{K}$ ( )
$\lambda$ $H(\lambda A, \mathrm{o})$
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-$n=3$
$B(x)=\mathrm{r}\mathrm{o}\mathrm{t}A(x)$ , $B_{i}=\partial_{j}A_{k}(X)-\partial_{k}Aj(x)$ ,
$(i,j, k)=(1,2,3)_{\text{ }}$ $V(x)$ $A(x)$
$C^{1}$ - $B(x)$ $B(x)\text{ }V(x)$ $\mathrm{Z}^{3}$
:





$\Omega\cap(\Omega+n)=\emptyset$ , $\bigcup_{n}\overline{(\Omega+n)}=\mathrm{R}^{3}$ $\Omega$
$H^{\Omega}=(p-\lambda A(X))2+V(x)$ on $L^{2}(\Omega)$
Dirichlet $\Omega$ Schr\"odinger $H^{\Omega}$
$\Sigma=\sigma(H^{\Omega})$
1 ([3]) $0<\beta<\gamma$ $\alpha,$ $C>0$ \mbox{\boldmath $\lambda$} $>0$
$\sigma(H(\lambda A, V))\cap(-\infty, \beta\lambda]\subset\{s\in(-\infty, \beta\lambda]|$ dist $(s, \Sigma)<C\exp(-\alpha\sqrt{\lambda})\}$
dist $(\cdot, \cdot)$ ( )





2 $A(x)$ \mbox{\boldmath $\sigma$}(H)\cap (-\infty , $\beta\lambda$ ]
$O(\exp(-\alpha\sqrt{\lambda}))$
Avron-Herbst-Simon ( 3)
$(p-\lambda A)^{2}\geq\pm\lambda B_{j}$ , $j=1,2,3$





$\Omega$ Dirichlet Schr\"odinger : $H=$
$H(\lambda A, V)$
Avron, Herbst, Simon
3 ($Avron-Herbst_{-}Simon$ estimate) $i\neq j$
$H(\lambda A, V)\geq\lambda(\partial_{i}A_{j}(X)-\partial j4(x))+V$
: ( )
$k_{j}=p_{jj}-\lambda A(X)$ , $j=1,2,3$ ,












: (Agmon metric, Agmon distance) $\beta\in \mathrm{R}$
$ds_{\beta}^{2}\equiv(|B(x)|-\beta)+^{d}x2$ , $( \cdot)_{+}=\max(\cdot, 0)$
(pseudo) metric Agmon metric metric
( ) $\mathrm{d}_{\beta}(\cdot, \cdot)$
$\mathrm{d}_{\beta}(x, y)=\inf_{\gamma}$ $\int_{\gamma}\sqrt{(|B(x)|-\beta)_{+}}d\gamma$ , $\gamma(0)=x,$ $\gamma(1)=y$ .
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5 $\beta>0_{\text{ }}D$ $\Omega$
$\inf_{x\in D}|B(x)|>\beta$





( [1] ) $\rho(x)$
$e^{\sqrt{\lambda}\rho(x)}H( \lambda A, V)e^{-}\sqrt{\lambda}\rho(x)=\sum_{j}(k_{j}+\mathrm{i}^{\sqrt{\lambda}2}\partial j\rho(X))+V(_{X})$
$=H( \lambda A, V)+\mathrm{i}\sqrt{\lambda}\sum((\partial_{j\rho})kj+k_{j}(\partial_{j\rho}))-\lambda|\nabla\rho|2j$
4
















$\Omega$ 1 fundamental $\mathrm{d}\mathrm{o}\mathrm{m}$ain
$0< \beta<\gamma=\inf_{x\in\partial\Omega}|B(X)|$





$(\partial\Omega)_{\epsilon}=\{x\in \mathrm{R}^{3}|$ dist $(x, \partial\Omega)<\epsilon\}$
$\Gamma=\Omega\cap(\partial\Omega)_{6}$ , $D=\overline{(\partial\Omega)_{\epsilon}}$
$H$ $\Gamma$ ( )




$j_{n}(x)=j(x-n),$ $x\in \mathrm{R}^{3},$ $n\in \mathrm{Z}^{3}$
$\mathcal{H}_{0}=\bigoplus_{n}L^{2}(\Gamma+n)$ ,
$H_{0}= \bigoplus_{n}Hn$ on $\mathcal{H}_{0}$ , $H^{n}=H(\lambda A(x-n), V(x-n))$ ,
$H^{n}$ $(\Gamma+n)$ Dirichlet




identification operator $J$ : $\mathcal{H}_{0}arrow \mathcal{H}=L^{2}(\mathrm{R}^{3})$
$J( \oplus_{n}\emptyset_{n})=\sum nj_{n}(x)\tau_{n}\phi_{n}$ , for $\oplus_{n}\phi_{n}\in \mathcal{H}0$
118
$J$ partial isometry $J^{*}$ isometry. $JJ^{*}=1$
$JD(H_{0})\subset D(H)$
$(H-Z)-1J=(H_{0^{-z}})-1J*-(H-Z)^{-}1M(H-Z)^{-1}J^{*}$ (1)
$M\equiv HJ-JH_{0}$ : $D(H_{0})arrow \mathcal{H}$
$M( \oplus_{n}\phi_{n})=\sum_{n}mn\phi n$ ’ for $\oplus_{n}\phi_{n}\in \mathcal{H}0$ .
$m_{n}$
$m_{n}\phi_{n}=Hj_{n}T_{n}\phi n-j_{nn}\tau H^{n}\phi n=Hj_{n}\tau_{n}\emptyset n-jnnHT\phi n=[H,j_{n}]Tn\phi_{n}$
$=-\mathrm{i}T_{n}[(p-\lambda A(X-n))\cdot(\nabla j_{n})+(\nabla jn)\cdot(p-\lambda A(X-n))]\phi_{n}$ .
$((\partial\Omega)_{\mathcal{E}}+n)=(D+n)$
5 ${\rm Re} z\leq\beta\lambda$
$||(H^{n}-\mathcal{Z})-1||\leq Me^{\alpha\sqrt{\lambda}}\Rightarrow||m_{n}(H^{n}-Z)-1||\leq C/\sqrt{\lambda}$
( 5 $m_{n}$ ) $n$
$H^{n}$ $H^{0}$





$\sigma(H)\cap(-\infty, \beta\lambda]\subset\{\sigma\in(-\infty, \beta\lambda]|$ dist $(z, \sigma(H0))\leq Ce^{-\alpha\sqrt{\lambda}}\}$
$\sigma(H^{0})\cap(-\infty, \beta\lambda]\subset\{\sigma\in(-\infty, \beta\lambda]|$ dist $(z, \sigma(H^{\Omega}))\leq Ce$ $-\alpha^{\sqrt{\lambda}}\}$
1
$\beta\lambda$ ( ) spectral projection $P_{\text{ }}$
$P_{0}$
$||J^{*}PJ-P0||\leq Ce^{-}\alpha\sqrt{\lambda}$
$\lambda$ 1 spectral projection









Thomas $A$ $\lambda$ $H(\lambda A, V)$
open dense $\lambda$ (Hempel,
Herbst, to appear)
: Hempel-Herbst $\lambdaarrow\infty$
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